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Abstract

The purpose of this work was to investigate the functional interactions between
laminin (LN)-10, integrin ovf3 and matrix metalloproteinase (MMP)-9 in the metastasis of
breast tumors to bone. Whilst both avpf3 and MMP-9 have been implicated in bone metastasis,
their relationship to LN-10 in this process remains largely unknown. We hypothesized that LN-
10 contributes to breast cancer metastasis through direct interaction with avf3 and
modulation of MMP-9 expression. Using a novel immunohistochemistry protocol, we found that
aggressive 4T1.2 primary tumors and lung and bone metastases express high levels of LN-10 (a5
chain) but not LN-1 or LN-5. LN-10 is a potent adhesive substrate for mammary carcinoma cell
lines irrespective of their metastatic potential but selectively promotes avf3-dependent
migration and MMP-9 expression of bone metastatic lines. Migration on LN-10 is inhibited by
blocking antibodies directed against B3 integrin, specific avf3-binding LN-10 peptides or by
down-regulation of MMP-9 expression in bone metastatic cells. The anti-metastatic potential
of LN peptides is currently_being tested in vivo. These findings' suggest that LN-10 may have
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INTRODUCTION

Breast cancer kills more women than any other cancers in developed countries. Whilst breast cancer is
curable when detected early, current treatments are mainly palliative once the disease has spread to
distant organs (1). We proposed to investigate the interactions between laminin (LN)-10, integrin
ovB3 and matrix metalloproteinase (MMP)-9 and their role in breast cancer metastasis to bone, the
most common site of metastasis for breast tumors. This research project was motivated by earlier work
in our laboratory investigating tumor-stroma interactions and factors implicated in metastasis to bone.
Using a unique syngeneic mouse model of spontaneous breast cancer metastasis developed in our
laboratory (2,3), we identified a number of genes differentially expressed between highly/bone
metastatic tumor lines and weakly metastatic lines. Of particular relevance to this research project,
these studies identified integrin oovp3, MMP-9 and two subunits of LN-10 (a5 and B1 chains) as being
more highly expressed in primary tumors derived from bone metastatic lines compared to those derived
from weakly and non-metastatic lines.

Whilst avp3 and MMP-9 have been previously implicated in the metastasis of breast tumors to bone,
their mechanism of action is incompletely understood. Stromal avp3 integrin involvement in breast
cancer progression has received significant attention due to its well-recognized role in osteoclast-
mediated bone resorption (4) that invariably accompanies breast cancer metastasis to bone (5). The
role of tumor-associated c.vP3 is less clear but is believed to contribute to bone metastasis in part by
mediating tumor cell arrest in blood flow through interaction with platelets (6) as well as promoting
adhesion to and migration on bone matrix proteins through interactions with MMP-9 (7). Most
investigations on the role of tumor avfB3 in breast cancer metastasis have focussed on classical
substrates for this integrin including fibronectin, vitronectin and osteopontin but its relationship to LN-
10, an abundant extracellular matrix (ECM) protein present in epithelial and vascular basement
membranes (BM) of normal breast, remains largely unexplored. The recent demonstration that LN-10
interacts with avB3 in ECV304 carcinoma cells to promote their migration and growth factor-induced
proliferation established LN-10 as a novel functional substrate for this integrin (8). Surprisingly, whilst
the functional role of LN-10 in tumor progression is well supported in other tissues (9-11), its specific
role in breast cancer metastasis to bone has not been investigated. LN-10 is a proliferative and
migratory substrate for a variety of epithelial tumor cells in vitro and specific peptide sequences present
in LN-10 were recently reported to be potent inducers of MMP-9 (12) or to possess anti-angiogenic
properties and to inhibit melanoma metastasis in vivo (11). Based on these observations, we
hypothesized that ILN-10 may contribute to breast cancer metastasis to bone through direct interaction
with integrin avp3 and modulation of MMP-9 expression/activity.

Thus the overall objectives of this project were to determine whether LN-10 is a functional adhesive
substrate for mammary carcinoma cells and selectively promotes migration of bone metastatic variants
expressing avp3 integrin and MMP-9, In addition, we attempted to provide evidence that interfering
with LN-10-avB3 interactions has the potential to inhibit breast cancer metastasis to bone. To achieve
these aims, we set out to perform the following tasks:

1- Confirm the differential expression of LN-10 protein (a5 chain) in mammary carcinomas of
varying metastatic potential and investigate their adhesive and migratory responses to LN-10 and
the role of avf3 integrin on these responses

2- Determine the involvement of MMP-9 in LN-10-mediated migration

3- Provide evidence for specific interactions between tumor ovP3 integrin and endothelial LN-10
during intra/extravasation process

4. Screen LN-10 peptides for their migration inhibitory activity in vitro and test the effect of selected
LN-10 peptides for their ability to suppress breast cancer metastasis to bone in vivo.




BODY

Task 1: (a) Confirm the differential expression of LN-10 (a5 chain) in mammary carcinomas of
varying metastatic potential and (b) investigate their adhesive and migratory responses
to LN-10 and the role of avB3 integrin on these responses

a) expression of LNa chains in primary breast tumors and metastases

LNs are heterotrimers of o,  and y chains that combine to form at least 15 isoforms (13-15). At least
three isoforms of LN are present in the subepithelial basement membrane of the normal mammary
gland, namely LN-1 (a1B1y1), LN-5 (a3p3y2) and LN-10 (a:SB1y1) (16). Whilst the role of LNs in
cancer progression has been extensively studied, most investigations addressing their role in breast
cancer have focussed on LN-1 and LN-5. These studies have established that the expression of both of
these isoforms is down-regulated in the majority of invasive breast tumors and that their gradual loss
during breast cancer progression contributes to the disruption of basement membrane integrity and loss
of epithelial polarity (17-20)

Studies examining LN-10 expression in human breast tumors are limited but variable levels of LN a5
chain have been detected by immunohistochemistry (IHC) in fibroadenoma, ductal carcinoma in sifu
lobular carcinomas, tubular carcinomas, atypical medullary carcinomas and carcinomas of no specific
type (18,21). Importantly, the persistence of LN-10 in the vasculature of invasive carcinomas led the
authors to conclude that this BM protein may contribute to the attachment of tumor cells to the blood
vessel walls during metastasis (21). This is consistent with a recent study by Fujita et al., (22) showing
that the angiogenic response associated with breast cancer progression is characterized by a switch in
vascular LN isoform expression from LN-9/11 to LN-8/10.

To validate our microarray data and confirm the high level of LNa5 chain expression in bone
metastatic 4T1.2 tumors at the protein level, we first compared the expression of LNa5 chains in bone
metastatic (4T1.2), weakly metastatic (66cl4) and non-metastatic (67NR) lines of our model by
standard IHC performed on primary tumor cryosections (Figure 1). Staining was moderate in 67NR
and largely confined to the edge of tumor nests forming a discontinuous BM-like region. In contrast,
66¢l4 and 4T1.2 tumors grew disorganized without evidence of a BM. LNa5 was detected in most
tumor cells (cytoplasmic and peri-cellular) but was significantly more abundant in highly metastatic
4T1.2 tumors. LNo5 was also abundant in the vasculature.

67NR 66cl4 4T1.2

Fig.1. IHC detection of LNa5 chain in primary
tumors derived from non-metastatic (67NR), weakly
metastatic (66cl4) and highly metastatic (4T1.2)
mammary tumor cell lines. Note the BM-like
distribution of LNaS at the periphery of non-
metastatic colonies (arrows) and the more widespread
cellular expression of this chain in metastatic tumors

= ; (66¢cl4 and 4T1.2) with significantly higher levels in
4T1.2 tumors. LNaS is also abundant in all blood vessels (arrowhead). Only low non-specific
reactivity was detected with a pre-immune IgG control antibody. Scale bar = 50pum.

Isotype  LNo5




The expression of LNa5 was also examined in an invasive human breast carcinoma and compared to
its expression in adjacent normal breast tissue from the same patient (Figure 2). As expected, LNa.5
localized to the epithelial BM of the normal mammary glands and in surrounding blood vessels as
previously reported (16). Strong but more diffuse expression of LNa5 was detected in the infiltrating
tumor cells of the breast carcinoma. Thus, high expression of this LN chain is also a characteristic of
some human breast cancers.

Isotype 10"“‘0' . Nof . Fig.2. THC detection of
e ¥y LNa5 in cryosections of
normal and neoplastic
human breast tissue.
Human breast samples
were cryoembedded and
the sections stained by
standard H&E (a, b) or
reacted  with  isotype
control mouse antibody (c,
d) or the anti-LNaS 4C7
antibody (e, f). Note the
strong BM reactivity in
normal mammary glands

i : : (¢) and more diffused
expression in breast carcinoma (f). No specific react|v1ty was detected usmg a control isotype-matched
antibody (c, d). Scale bar: 50um.

Normat breast

Tnfiltrating carcinomn

Next we set out to compare the expression of LNa5 to that of LNa1 (LN-1) and LNa3 (LN-5) in 4T1.2
primary tumors and spontaneous metastases. However, IHC detection of LN chains in metastases,
particularty to bone, has been problematic due to the difficulty of obtaining well preserved bones
cryosections and the lack of reactivity of most LN antibodies in standard formalin-fixed paraffin-
embedded tissues. To circumvent these problems, we developed a new IHC protocol employing zinc
fixation and enzymatic antigen retrieval enabling detection of laminin chains in paraffin-embedded
tissues using antibodies previously limited to IHC on cryosections.

As shown in Figure 3, 4T1.2 primary tumors (left column) did not express LNal or LNa3 but
expressed high levels of LNa5. In lung metastases (middle-left column), LNa1 was restricted to small
areas of the tumor nodule but absent in the lung stroma. LNo3 was abundant in the lung tissue as
reported by others (23,24), but absent in the 4T1.2 tumor nodule. In contrast, strong LNa5 expression
was detected in both 4T1.2 metastatic nodule and surrounding lung stroma. In femur (middle-right
column) and spine (right column) metastases, LNa5 but not LNa. or LNa3 was expressed strongly in
all 4T1.2 metastatic cells. Taken together, these results indicate that aggressive 4T1.2 tumors express
high levels of LN-10 but not LN-1 or LN-5 and that this phenotype is maintained at metastatic sites.
The complete absence of LN-1 and LN-5 in bone metastases contrast with the high expression of LNaS
and further supports the relevance of LN-10 as a potential prognostic factor for breast cancer.



Pre-immune

LN-o1

Fig. 3. THC detection of LNo chains in zinc-fixed, paraffin-embedded 4T1.2 primary tumors and
metastases. Zinc-fixed paraffin sections of 4T1.2 primary tumors (left column), lung (middle-left
column), femur (middle-right column) and spine (right column) metastases were digested with trypsin
(Img/ml) for 5min at 37°C and stained with H&E (top row) or reacted with rabbit polyclonal
antibodies directed against LNa1, LNa3 or LNa5 as indicated. Dotted lines mark the tumor-stroma
interface at metastatic sites. Note the persistence of high LNa5 expression in 4T1.2 lung and bone
metastases. No specific reactivity was detected using control pre-immune rabbit antiserum.



b) investigate the adhesive and migratory responses of mammary carcinoma lines to LN-10 and the
role of ovf3 integrin on these responses

Having confirmed the expression of LNa5 protein in our mammary carcinomas and demonstrated the
positive correlation between the level of LNo5 expression and metastatic potential, we addressed the
functional relevance of our findings by testing the ability of purified LN-10 to promote adhesion of
non-metastatic 67NR cells, weakly metastatic 66cl4 cells and bone metastatic 4T1.2 cells in standard in
vitro adhesion assays as described previously (25).

Short term adhesion (30min) of 67NR, 66¢cl4 and 4T1.2 cells was measured in culture plates precoated
with BSA, collagen-I (coll-I), collagen-IV (coll-1V), fibronectin (FN), vitronectin (VN) and LN-10
(Figure 4). None of the lines adhered to BSA or collagen-I in this short term assay. Adhesion of all
tumor lines was low on fibronectin (<15%). Adhesion to collagen-IV was low but increased with
increased metastatic potential of the tumor lines (67NR<66¢l4<4T1.2). Similarly, 4T1.2 adhered
significantly better to vitronectin (~33%) than 66¢l4 and 67NR (~5%). LN-10 was a more potent
adhesive substrate for all tumor lines even when used at 2pg/ml and all lines adhered equally well.

1 -:“l;l(lm o Fig. 4. Adhesion of mammary carcinoma cell lines to
. (.Z_u..‘vgﬁtmnj ECM substrates. Tumor cells were labeled with
N ::(‘,l‘f,:;:m:;, 2 calcein and seeded at 2 x 10*/100pu1 serum-free medium
Tl S in wells precoated with control BSA (1% w/v) or ECM
ERS proteins as indicated. After 30min incubation at 37°C,
;3: :‘: adherent cells were lysed with 1% Triton X-100 and cell
F] ] adhesion (% of total cell input) determined by
C 15 measuring the fluorescence in a Molecular FX
LIy fluorescent reader. The experiment was repeated twice
E « and the results represent the means = SD of triplicates.

L] S—

GNR 6helE 482

Cell lines

To determine the role of avp3 integrin in LN-10-mediated adhesion, the cells were pretreated with
function-blocking antibodies directed against the B3 integrin subunit and their adhesion to LN-10 and
vitronectin tested as described above. A subclone of 66¢l4 cells overexpressing avp3 integrin
(66¢143) was also tested (Figure 5). Adhesion of all tumor lines to LN-10 was not inhibited by anti-
B3 or control isotype antibodies (left panel). The lack of inhibition was not due to ineffective blocking
of avp3 receptor since anti-B3 antibodies (but not control antibodies) almost completely prevented
adhesion of 4T1.2 and 66¢l4p3 cells to vitronectin, a known substrate for this integrin (right panel). As
expected, 66¢l4 cell adhesion to vitronectin was negligible (~2%), consistent with the lack of avf3
receptors in these cells. We conclude that LN-10 is a potent adhesive substrate for mammary
carcinoma cells, irrespective of their metastatic potential and that avp3 integrin is not required for
rapid adhesion to this substrate.
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Fig.5. Effect on anti-B3 integrin antibodies on the adhesion of mammary carcinoma cells to LN-
10 and vitronectin. The cells were pretreated with anti-B3 or isotype contro! antibodies for 30min on
ice and their adhesion to LN-10 or vitronectin (VN) measured as described in Fig.4.

LN-10 is a migratory substrate for a variety of epithelial and endothelial cell lines in vitro (9,10)
(26,27). However, its pro-migratory effect on breast epithelial cells has not been tested. To address
whether LN-10 also promotes migration of mammary carcinoma cells of our model, we compared their
migratory response to LN-10 in Transwell™ assays. For these assays, LN-10 was coated onto the
upper surface of the porous membrane and the cells (2 x 10°/100pl) seeded in serum-free medium
directly on LN-10 coated membrane and allowed to migrate towards medium supplemented with 5%
serum in the bottom chamber for 4h at 37°C (Figure 6, left panel). To assess the role of avP3 integrin
on LN-10-mediated chemotactic migration of bone metastatic lines (4T1.2 and 66cl4b3) the cells were
pretreated with blocking antibodies against B3 subunit prior to seeding into the chamber wells.

In contrast, to the results obtained from the adhesion assay, LN-10 promoted the migration of 4T1.2
cells (expressing cevB3) but not 67NR or 66¢cl4 cells and this activity was almost completely inhibited
by treatment of the cells with B3-function blocking antibodies (Figure 6, right panel). The 67NR and
66¢14 lines do not express avB3 integrin. Interestingly, re-expression of avB3 in weakly metastatic
66¢l4 cells (66¢l4p3) resulted in a strong increase in migration on LN-10 that was significantly
inhibited by anti-p3 antibodies but not by control isotype antibodies. Taken together, these results
indicate that LN-10 is a relevant physiological substrate for mammary carcinoma cells and that
migration, but not adhesion of highly metastatic tumor cells on LN-10 is dependent, at least in part, on
the expression of active avp3 receptors. The receptor(s) mediating rapid adhesion to LN-10 and the
contribution of other integrin receptors in LN-10-mediated migration remain to be determined.

L] € -
. ig i 1810 ¢ bty AB :
. i LN AL
e T el inest K f
T
L . E %0
oo g anpateal g
L0 P
e z®
Momeosnamtenr § -
z ®
S e s L
’ = 0
§ .
B 8 .
SINR 614 Bctihetsd A2
Celt tines

Fig. 6. Integrin avp3-dependent chemotactic migration of bone metastatic mammary carcinoma
cells on LN-10. The cells were seeded in serum-free medium into Tranwell migration chambers pre-
coated with LN-10 (Spg/ml) and their chemotactic migration towards serum-containing medium (5%)




in the bottom chamber measured after 4h at 37°C. Where indicated, the cells were pretreated with
control or B3 integrin-blocking antibodies (10pug/ml) for 30min on ice and added with the cells to the
culture wells. After 4h at 37°C, migrated cells attached to the underside of the porous membrane were
fixed with formalin, stained with DAPI and counted under a fluorescent microscope. The experiment
was repeated twice and the results represent the means £ SD of triplicates. ** p<0.01.

LN-10 is present in the stroma of common metastatic sites for breast tumors such as the lung and bone
(24,28,29). Moreover, LN-10 is abundant in endothelial basement membranes and its vascular
expression has been reported to increase during breast tumor progression (18,21,22) leading to the
suggestion that vascular LN-10 may facilitate tumor cell attachment and migration during vascular
dissemination of breast tumors. Based on these observations we asked whether LN-10 was sufficient
alone to promote haptotactic migration of 66cl4, 66cl4p3 and 4T1.2 tumor cells. To test this, we
performed Transwell migration assays by precoating the underside of the porous membrane with LN-
10 and measured transmigration of tumor cells towards LN-10 in the absence of serum (Figure 7, left
panel).

As shown in Figure 7 (right panel), 66cl4 cells migrated efficiently in this assay despite the lack of
ovp3 integrin expression in these cells. 4T1.2 and 66¢cl4B3 cells also migrated towards LN-10 but
unlike the chemotactic response, haptotaxis was not inhibited significantly by anti-B3 (or isotype
control antibodies. These results strongly suggest that LN-10 is a potent haptotactic factor for breast
tumor cells. However, the haptotactic response can be distinguished from chemotactic migration on
LN-10 by the specific receptor(s) used in these responses. We are currently investigating the LN-10
receptor(s) involved in the haptotactic response. A likely candidate include a3B1 integrin, 2 major LN
receptor that has been reported to mediate haptotaxis of MDA-MD-231 breast carcinoma cells towards
LN-1 and to regulate expression of MMP-9 in these cells (30).
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Fig.7. LN-10-mediated haptotactic migration of mammary carcinoma cells is avp3 integrin-
independent. The underside of the Transwell porous membrane was coated with LN-10 (5ug/ml) and
the cells (2 x 10°/100pl) seeded in serum-free medium in the upper well. Haptotactic migration
towards LN-10 in the absence of serum in the bottom chamber was measured after 4h at 37°C. Where
indicated, the cells were pretreated with control or B3 integrin-blocking antibodies (10pg/ml). The
experiment was repeated twice and the results represent the means + SD of triplicates.
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Task 2. Determine the involvement of MMP-9 in LN-10-mediated migration

Matrix metalloproteinases (MMP) are proteolytic enzymes whose role in tumor progression has been
extensively documented (31). In particular, tumor and stromal expression and activity of the
gelatinases MMP-2 and MMP-9 is often upregulated in breast tumors (32-35) and is thought to
contribute to basement membrane dissolution seen during breast cancer progression and the acquisition
of motile and invasive properties by breast tumor cells. Interestingly, many studies have shown that
cellular release of gelatinases is regulated by ECM-receptor interactions. This induction appears to be
cell type-specific and most likely dictated by substrate availability and the specific receptor(s)
expressed in a given cell type. For instance, vitronectin stimulates the release of active MMP-9 in
lymphoid cells through engagement of avp3 integrins (36). In contrast, increased secretion of mature
MMP-9 by MDA-MB-435 breast tumor cells occurs following ovp3-dependent attachment to
fibrinogen and to a lesser extent to fibronectin but not to vitronectin (7). Cooperation between active
avB3 and mature MMP-9 in turn enhances migration of breast cancer cells, a response likely to
contribute to the greater propensity of breast cancer cells expressing active cavp3 integrin to
metastasize to bone (37).

LNs also regulate expression and release of gelatinases. MDA-MB-231 breast tumor cell invasion and
haptotactic migration towards LN-1 are accompanied by the release of higher levels of MMP-9
gelatinase activity and these responses are abrogated by treatment with antibodies blocking the a.3B1
integrin receptor (30). Whilst induction of MMP-2 and MMP-9 activity in response to LN-10 has not
been reported in breast epithelial cells, studies in other cell types strongly suggest that LN-10 is likely
to play a similar role in mammary carcinoma cells. For instance, adhesion of A549 lung carcinoma
cells to a commercial preparation of LN-10/11 (or to LN-5) was shown to stimulate secretion of mature
MMP-2 (but not MMP-9) in culture via a3p1 integrin-mediated attachment (38). MMP-2 appeared to
contribute to LN-10/11-mediated migration in these cells since this response was partially suppressed
by treatment with a gelatinase inhibitor. Others have reported that the AQARSAAKVKVSMKF
peptide derived from the o5 chain of LN-10 but not the corresponding peptide derived from the o3
chain of LN-5 is a potent inducer of MMP-9 (but not MMP-2) expression in macrophages in vitro and
invivo (12,39).

We have reported that the 4T1.2 mammary carcinoma line secretes significantly higher levels of MMP-
9 in culture than weakly 66¢l4 and non-metastatic 67NR cells (40). None of these lines express
detectable levels of MMP-2. Given the cooperative role of MMP-9 and avp3 in breast cancer
metastasis to bone reported by others and our demonstration that LN-10 selectively promotes
chemotactic migration of avp3-expressing bone metastatic lines (4T1.2 and 66cl4f33), it was of interest
to determine whether LN-10 could induce secretion of MMP-9 in the tumor lines of our model.

For these experiments, 67NR, 66¢l4 and 4T1.2 cells were seeded in culture plates coated with BSA,
collagen-1, collagen-1V or LN-10 and incubated for 42h at 37°C in serum-free medium. The culture
supernatants were then analyzed for gelatinolytic activity by gelatin zymography (Figure 8). As
expected control 4T1.2 cultures seeded on BSA secreted significantly higher levels of MMP-9 activity
than 67NR and 66¢l4. MMP-9 expression remained low in 67NR and 66¢l4 cells irrespective of the
substrate used. In contrast, MMP-9 activity detected in culture supernatants of 4T1.2 cells seeded on
collagen-1 and collagen-IV was marginally lower but increased 2.5-fold when the cells were seeded on
LN-10. We are currently investigating whether avp3 integrin receptors are required for this response
using anti-B3 blocking antibodies to inhibit the release of MMP-9 activity.
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Fig. 8. Induction of MMP-9 activity in
mammary carcinoma cells by ECM
substrates. Tumor cells were seeded in
BSA (2%w/v), collagen-I (20pg/ml),
collagen-IV ~ (20pug/ml) or LN-10
" (5pg/ml)-coated plates and incubated for
42h at 37°C in serum-free medium.
Culture supernatants were then analyzed for gelatinolytic activity by standard gelatin zymography.

To further investigate the role of MMP-9 in LN-10-mediated adhesion and migration, we derived
subclones of 4T1.2 cells with reduced MMP-9 expression by RNA interference. Retroviral vectors
(pRetroSuper, pRs) encoding a puromycin-resistance gene and specific short hairpin RNAs targeting
MMP-9 (or green fluorescence protein as control) were transfected into the Pheonix packaging line and
the retroviral supernatants used to infect 4T1.2 cells. Following selection of infected cells in the
presence of puromycin, single cell clones were selected for reduced MMP-9 expression by immunoblot
and gelatin zymography (Figure 9). Five control 4T1.2pRs-GFP clones showed MMP-9 protein
expression by immunoblot and activity by zymography (left panels) comparable to that seen in the
parental 4T1.2 line (not shown). In contrast, five 4T1.2pRs-MMP-9 clones had no detectable MMP-9
proteins and displayed only modest or no detectable MMP-9 activity by zymography (right panels).
Individual clones from respective groups were pooled for further experiments.

4T1.2HP pRs-GFP 4T1.2HP pRs-MMP9

Clone #: 4 5 8 . 10, 11 ,Poo

Zymo +MMP-9

Bidompide 55T . Co i e
Fig. 9. Silencing of MMP-9 in 4T1.2 cells by RNA inhibition. Short hairpin RNA constructs
targeting MMP-9 and GFP (control) were introduced into 4T1.2 cell by retroviral infection using a
pRetrosuper vector encoding a puromycin resistance gene. Infected cells were selected in the presence
of puromycin and individual clones tested for MMP-9 protein expression by immunoblot (bottom
panels) and activity by gelatin zymography (top panels). The figure shows 5 individual clones and
pool for control (4T1.2pRs-GFP) and MMP-9-deficient (4T1.2pRs-MMP9) cells.

Adhesion of 4T1.2pRs-GFP and 4T1.2pRs-MMP-9 pools to LN-10 was tested in short term adhesion
assays in the presence or absence of anti-B3 integrin an isotype control antibodies (Figure 10). As
expected, control 4T1.2pRs-GFP cells adhered strongly to LN-10 and adhesion was not inhibited by
anti-B3 or isotype antibodies. Similarly, anti-B3 antibodies did not block adhesion of 4T1.2pRs-MMP9
cells to LN-10 and their adhesion was only marginally higher than control cells (not statistically
significant). It is noteworthy however that 4T1.2pRs-MMP9 cells consistently appeared more flattened
in culture. This effect was evident even after 48h in culture and independent of the substrate used
suggesting a less motile phenotype (data not shown).

To test this hypothesis, migration of 4T1.2pRs-GFP and 4T1.2pRs-MMP9 cells was compared in the
chemotactic Transwell assay (Figure 11). Neither cell lines migrated significantly in the absence of
serum in the bottom chamber. Whereas LN-10 alone was insufficient to promote migration of control
4T1.2pRs-GFP cells across the porous membrane, it enhanced their chemotactic response to serum
(~60 versus 100 cells/field). Importantly, MMP-9 silencing in 4T1.2pRs-MMP?9 significantly impaired




chemotactic migration both in the presence and absence of LN-10 compared to control cells. Taken
together, these results indicate that that MMP-9 activity contributes to chemotactic migration of 4T1.2
cells. Since MMP-9 silencing inhibited chemotactic migration on LN-10 to a similar extent as that
observed with anti-p3 integrin antibodies (see Figure 6), we speculate that engagement of avp3
integrin by LN-10 may regulate the activity or release of MMP-9 in 4T1.2 cells. This is being
addressed by testing the effect of anti-p3 blocking antibodies on LN-10-mediated induction of MMP-9
activity in 4T1.2 cells.
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1 g bone metastatic 4T1.2 cells to LN-10. Pools of control
4T1.2 subclones expressing MMP-9 (4T1.2pRs-GFP)
and subclones with reduced expression of MMP-9
(4T1.2pRs-MMP9) were tested for adhesion to LN-10 as
described in the legend of Figure 4. The experiment was
repeated twice and the results represent the means + SD
of triplicates.
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Transwell porous membrane and serum (5%) was added
to the bottom chamber. **p<0.01.
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The effect of MMP-9 down-regulation was also tested on haptotactic response to LN-10 in the absence
of serum. As shown in Figure 12, neither 4T1.2pRs-GFP nor 4T1.2pRs-MMP9 migrated through the
Transwell membrane in the absence of LN-10 coating. In stark contrast to the chemotactic responses
however, both tumour lines migrated strongly towards LN-10. These results indicate that haptotactic
migration towards LN-10 does not require MMP-9 activity. This conclusion is consistent also with the
possibility that the chemotactic and haptotactic responses of mammary carcinoma cells to LN-10 are
mediated through different receptors and signaling pathways.
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Task 3. Provide evidence for specific interactions between tumor avp3 integrin and endothelial
LN-10 during intra/extravasation process

For successful metastasis, tumor cells must first invade and migrate through the surrounding stroma,
attach to the endothelium and intravasate into the vasculature. Binding of breast carcinoma cells to the
endothelium is dependent on integrin-mediated attachment to the subendothelial matrix (41). Thus the
abundance of LN-10 but not LN-1 or LN-5 in blood vessels and increased vascular expression of LN-
10 recently reported in invasive breast carcinoma is consistent with the potential role of LN-10 in
mediating vascular dissemination of tumor cells (18,21,22). Moreover, the presence of LN-10 in the
sinusoids of the bone through which tumor cells must extravasate to enter the bone environment (42)
contrasts with the complete absence of LN-1 and LN-5 (28) and further supports the relevance of LN-
10 in the metastasis of breast tumors to bone.

To provide evidence the role of endothelial LN-10 in intra/extravasation of breast tumor cells, we first
developed an in vitro assay measuring the ability of mammary carcinoma cells to interact with and
migrate through a monolayer of endothelial cells. Mouse microvascular endothelial cells (bEnd.3)
were seeded in the upper well of Transwell migration chambers and allowed to form a confluent

monolayer overnight at 37°C,, Excess cells and medium were removed and calcein-labeled tumor cells . -

added to the upper chamber in serum- -free medium. Serum-containing medium was then added to the
bottom chamber as chemoattractant and the cells incubated for a further 18h to allow chemotactic
migration of tumor cells through the endothelial monolayer and porous membrane. Tumour cells were
also seeded in the absence of endothelial cells to verify that calcein labeling does not impair their
ability to migrate. Calcein labeling did not affect tumor cell viability (as judged by trypan blue
staining) or their ability to migrate in standard chemotactic assays (black bars). As expected, the bone
metastatic lines 4T1.2 and 4T1.13 but not 66¢l4 or 67NR migrated towards the gradient of serum in the
absence of endothelial cell monolayer. Similarly, only the bone metastatic lines migrated through the
endothelial monolayer albeit at a lower rate (red bars). Transendothelial migration also correlated well
with the respective bone metastatic potential of 4T1.2 and 4T1.13 in vivo.
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e - Fig. 13. Transendothelial migration of mammary
[N Chomota : carcinoma cells. Mouse microvascular endothelial cells
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(bEnd.3, 1 x 10°) were seeded in complete medium in
the upper well of Transwells and allowed to form a
confluent monolayer on the surface of the porous
membrane overnight at 37°C. Unattached cells and
medium were removed and calcein-labeled tumor cells
(2 x 10°%200p] in serum-free medium) added to the
upper well.  600u! of medium supplemented with 5%
serum was added to the bottom wells as chemoattractant.
o w4t mn a1 After 18h incubation at 37°C, cells in the upper chamber

Tumor fines were removed with a cotton swab and migrated cells on
the underside of the membrane fixed in formalin and stained with DAPI. Transendothelial migration
(red bars) was visualized under a fluorescence microscope and only tumor cells with a green cytoplasm
(calcein) and blue nucleus (DAPI) were counted. As control, tumor cells only were added to the upper
wells for chemotactic migration (black bars). The results show the number of migrated cells from one
representative experiment.
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To specifically address the role of endothelial LN-10 in tumor trans-endothelial migration, we proposed
to down-regulate the expression of LNa5 chain in bEnd.3 cells using the same strategy successfully
employed for down-regulation of MMP-9 (see Figure 9). Progress with these experiments is
summarized in Table 1 below. Over 60 target sequences distributed over the entire LN-a5 gene that meet
all criteria for optimal siRNA design have been identified and three LN-a5 sequences and corresponding
scrambled sequences were selected. We have so far successfully prepared retroviral vectors targeting the
LNaS chain (pRs-LAMAS) and corresponding scrambled vector (pRs-1LAMASS) and infected bEnd.3 and
4T1.2 tumor cells. The rationa! for down-regulating LNa5 in 4T1.2 cells is that these cells are easily
infected with the pRetroSuper vector and their rapid growth rate permits faster selection and expansion of
infected clones for validation of LNoS5 silencing. Preliminary screening of 21 individual 4T1.2pRs-
LAMAS clones by real-time quantitative RT-PCR has identified 13 clones with variable levels of LNa5
silencing (Figure 14).

The LNoS relative transcript abundance (RTA, relative to GAPDH expression) for each clone was
compared to that of the parental 4T1.2 line and the results expressed as % LNa5 RTA of parental 4T1.2
cells. Of the 13 clones with reduced expression, 5 clones with less than 30% of LN«5 expression in 4T1.2
cells were selected (asterisks). Down-regulation of protein expression will be confirmed by
immunocytochemistry. The same strategy will be used to confirm down-regulation of LNat5 in bend.3pRs-
LAMAS (or lack of down-regulation in bEnd.3LAMASS bulk cultures) prior to commencing trans-
endothelial migration studies. We anticipate this work to be completed by September 2005.
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Table 1. Development of bEnd.3 LAMAS and LAMAS-Scrampled siRNA cell lines for trans-

endothelial migration

Tasks LAMAS siRNA LAMAS-Scrambled siRNA
Identify suitable sequences from the mouse | Completed Completed

LNaS5 mRNA for RNA inhibition

Construction of LAMAS and Scrambled | Completed Completed

retroviral vectors

Transfection of Phoenix packaging line Completed Completed

Infection of cell lines with retroviral
supernatant

Completed for 4T1.2 tumor cells
and bend.3 endothelial cells

Completed for 4T1.2 tumor cells
and bEnd.3 endothelial cells

Puromycin selection of bulk cultures

Completed for 4T1.2 and bEnd.3
cells

Completed for 4T1.2 and bEnd.3
cells

Isolation and expansion of single cell clones

Completed for 4T1.2 cells
Initiated for bEnd.3 cells

Only bulk cultures to be used for
4T1.2 and bEnd.3 cells

Verification of mRNA down-regulation by
real-time quantitative RT-PCR

Completed for 4T1.2 cells (Fig. 14)
Expression confirmed in parental
bEnd.3 and screening underway for
subclones

Underway for 4T1.2 and bEnd.3
bulk cultures

Confirmation of protein down-regulation by
immunocytochemistry

Underway for 4T1.2 subclones

Expected completion (Aug. 2005)

Trans-endothelial migration assays in vitro

Expected completion (Sept. 2005)

Expected completion (Sept. 2005)
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Fig. 14. Down-regulation of LNot5 mRNA expression
by siRNA. 4T1.2 cells were infected with a retroviral
vector targeting LNo5 (4T1.2pRs-LAMAS) and infected
cells selected in the presence of puromycin. Bulk
cultures of puromycin-resistant cells were single cell
cloned and the relative LNa5 transcript abundance
(RTA, relative to GAPDH) compared to LNo.5 RTA in
parental 4T1.2 cells. The results show 13 clones with
reduced LNo5 mRNA expression. Five clones with >
70% decrease in LNa5 RTA were selected for
confirmation of LNa5 protein down-regulation in vivo
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Task 4. Screen LN-10 peptides for their migration inhibitory activity in vitro and test the effect
of selected LN-10 peptides for their ability to suppress breast cancer metastasis to bone
in vivo.

A large number of LN fragments or bioactive peptides have been isolated and shown to possess
stimulatory or inhibitory activity on tumor cells in vitro and in experimental models (43-45). For
instance, the YIGSR sequence found in the LNa1 chain (present in several isoforms including LN-10)
was reported to inhibit osteolytic metastases following intracardiac inoculation of melanoma cells in
nude mice (46). Conversely, the integrin avp3 and a5p1-binding C16 peptide derived from the LNyl
chain enhances melanoma pulmonary metastasis in an experimental model (47). Antagonists of this
peptide (C16Y and C16S) were reported to possess potent anti-angiogenic effects and to inhibit tumor
growth following subcutaneous injection of MDA-231 breast cancer cells in nude mice without
inhibiting their proliferation in vitro (48).

More recently, evidence for specific sequences of the LNa5 chain mediating various biological
activities has emerged (11,12,49,50). In particular, screening of a large number of overlapping
peptides from the LN-a.5 N-terminal domain VI and C-terminal globular domain for cell attachment
activity has led to the identification of a novel receptor for LN-10 (CD44) and of at least 4 peptides
with anti-tumor growth and metastatic activity against B16-F10 melanoma cells (11,49).

In collaboration with Dr. Hynda Kleinman (NIH), we have initiated studies to identify potential peptide
inhibitors of LN-10 functions in breast tumor cells. Many of these peptides have been shown to
mediate cell adhesion in vitro and/or to inhibit angiogenesis, tumor growth and metastasis in vivo
(Table 2). Of particular interest were two peptides derived from the LNy1 chain (C16Y) and a5 chain
(A5A13b) known to interact with ovB3 integrin receptor.

Table 2. LN-10 peptides to be tested for inhibitory activity on cell migration i vitro spontaneous
metastasis in vivo

Peptide LN Comments/Reported activity Receptor Reference
chain
CleY LNyl Blocks attachment to LN-1 avf3, (48,51)
Anti-tumor/anti-angiogenic aspl
C16YS - Control Scrambled C16Y - (48,51)
Al3b LNal Strong cell attachment. Truncated o5p1, (49,51,52)
Domain version of Al3  mediating avp3
A% migration,  angiogenesis  and
. metastasis
A5(A13b) LNo5 Homologue of A13b Most likely (49)
Domain | Strong cell attachment a5p1 avp3
VI
A5G27 LNaSs Inhibits cell migration, invasion of | CD44 a1
G- Matrigel, angiogenesis and lung
domain colonization
A5G73 LNas5 Moderate cell attachment ? an
G- Inhibits lung colonization
domain

These peptides were tested for their inhibitory activity on the chemotactic migration of 4T1.2 cells on
LN-10 (Figure 15). 4TL1.2 cells were left untreated or treated with increasing concentrations of
peptides on ice for 20min and added to the Transwells. Control untreated cells migrated efficiently and
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migration was not inhibited by the A5G73 peptide. In contrast, the C16Y peptide but not the
scrambled version (C16YS) inhibited chemotactic migration in a dose-dependent manner. The LNaS
peptide A5A13b and the corresponding peptide derived from the LNol chain (A13b) inhibited
migration by more than 50% when used at 25ug/ml.  Another peptide derived from the globular
domain of LNa5 chain and known to bind CD44 receptor (A5G27) inhibited 4T1.2 cell migration the
most in this assay at 25ug/ml resulting in ~85% inhibition. CD44 has been implicated in breast cancer
progression (53) and was shown to be up-regulated in MDA-MB-231 in response to hepatocyte growth
factor and mediate adhesion to endothelial cells and trans-endothelial migration (54). We have
confirmed the expression of CD44 in all tumor cell lines of the model and are currently investigating
the specific variants expressed in bone metastatic lines. A5G27 and a scrambled version of this peptide
are currently being synthesized in sufficient quantity (400-500mg) for testing in our in vivo model of
metastasis. These experiments will be initiated as soon as the peptides are received and we anticipate
the work to be completed by Dec 2005.

0 ' - i Fig. 15. Effect of inhibitory LN peptides on 4T1.2
2o 2soon . chemotactic migration on  LN-10. Chemotactic
migration assays were performed as described in the
legend of Figure 6. 4T1.2 cells were left untreated of
pretreated on ice for 20min in the presence of indicated
concentrations of peptides and added to the upper well
of Transwells pre-coated with LN-10 (5pg/ml).
Migration towards a gradient of serum (5%) in the
bottom well was measured after 4h incubation at 37°C.

. The experiment was repeated twice and the results
Commd | ASGTS | Clv | C1évs aSaDh | amn  aserr represent the means + SD of triplicates. *p<0.01,
Peptides * *p<0.001 .
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KEY RESEARCH ACCOMPLISHMENTS

>

>

Development of an THC staining protocol for LN chains in paraffin-embedded tissues
Demonstration that LN-10 (a5 chain) but not LN-1 (al chain) or LN-5 (a3 chain) is more
highly expressed in primary breast tumors and metastases derived from bone metastatic
mammary carcinoma cells than in weakly and non-metastatic tumors.

Demonstration that LN-10 is a potent adhesive substrate for mammary carcinoma cells

Demonstration that LN-10 mediates haptotaxis in the absence of serum and enhances
chemotactic migration of breast cancer to wards serum

Demonstration that ovp3 integrin selectively mediates chemotactic migration of bone
metastatic mammary carcinoma cells on LN-10

Demonstration that LN-10 promotes the release of MMP-9 in bone metastatic mammary
carcinoma cells

Demonstration that MMP-9 is required for chemotactic migration of mammary carcinoma cells
on LN-10 but not for haptotactic migration towards LN-10

Identification of LN peptides with potent anti-migratory activity on mammary carcinoma cells
on LN-10

Development of mammary tumor and endothelial cell variants with reduced LNa5 expression
by siRNA
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REPORTABLE OUTCOMES

Invited speaker:

Laminin-10: expression and functional role in the metastasis of mammary carcinomas. Ludwig
Institute for Cancer Research, Parkville, VIC, Australia. April 2005.

Functional interplay between laminin-10, ov3 integrin and MMP-9 in spontaneous metastasis of
breast tumors to bone. University of Sherbrooke, Sherbrooke, Qc, Canada. June 2005

Interplay between laminin-10, ovB3 integrin and MMP-9 in spontaneous metastasis of breast tumors to
bone. National Institute of Health, Bethesda, MD, USA. June 2005

Meeting presentations:;

Microenvironmental regulation of breast tumours:evidence for the cooperative role of avfp3 integrin,
laminin-10 and matrix metalloproteinase-9 in breast cancer metastasis to bone. N. Pouliot, A.L. Natoti,
B. Parker, E. Sloan, B. Eckhardt, L. Zamurs, E, Nice and R. Anderson. Poster presentation at the 17t
Lorne Cancer Conference, Philip Island, VIC, Australia, June 2005.

Functional interactions between laminin-10, avB3 integrin and MMP-9 in breast cancer metastasis to
bone. N. Pouliot, A. Natoli, B. Parker, E. Sloan, L. Zamurs, E. Nice and R. Anderson. Poster
presentation at the Era of Hope, Department of Defense Breast Cancer Research Program meeting,
Philadelphia, PA, USA, June 2005.

Manuscripts in preparation:

Immunohistochemical detection of laminin o chains in primary mammary tumors and spontaneous
bone metastases of a mouse model:evidence for the functional role of laminin-10 in breast cancer
metastasis to bone. Chia J., Anderson R., Parker B., Nice E., Zamurs L. and Pouliot N Manuscript in
preparation.

LN-10 modulates ocvfB3 integrin and MMP-9-dependent migration of mammary carcinoma cells. Chia

J., Natoli. A., Anderson R., Kleinman H., Parker B., Nice E., Zamurs L. and Pouliot N.. Manuscript in
preparation.

Funding applications:

Funding has been requested from the National Health & Medical Research Council of Australia and an
application to The Susan G. Komen Breast Cancer Foundation will be submitted to continue the
research project initiated through this DoD Concept Award #81XWH-04-1-0707.
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CONCLUSIONS

Based on evidence from the literature and our findings that LN-10, MMP-9 and the avpB3 integrin
receptor are more highly expressed in bone metastatic mammary tumors than in weakly and non-
metastatic tumors in a syngeneic model of spontaneous breast cancer metastasis, we hypothesized that
these three proteins cooperate functionally in breast cancer metastasis to bone. We have developed a
new IHC protocol for detection of LN chains in paraffin-embedded tissues and confirmed that LN-10
but not LN-1 or LN-5 is highly expressed in primary breast tumors and metastases, including those in
bone. Moreover, we demonstrated that LN-10 is a potent functional adhesive substrate for mammary
carcinoma cells, regulating migration, protease secretion and trans-endothelial migration. We found
that integrin aovB3 is a receptor for LN-10 in bone metastatic tumor cells and mediates chemotactic but
not haptotactic migration on LN-10. Furthermore, MMP-9 appears to be required for chemotactic
migration (but not haptotaxis) as migration was dramatically decreased in this assay by down-
regulation of MMP-9 expression in bone metastatic 4T1.2 cells by siRNA.

We have tested the effect of LN peptides on 4T1.2 chemotactic migration and identified two av[3
integrin-binding peptides (A5A13b, a5 chain and C16Y, y1 chain) and one CD44-binding peptide
(A5G27, a5 chain) that strongly inhibited LN-10-mediated chemotactic migration. We have generated
siRNA constructs to suppress LNa5 expression in 4T1.2 and bEnd.3 endothelial cells. Experiments
using inhibitory peptides and siRNA are currently underway to address the role of tumor-derived LN-
10 in spontaneous metastasis to bone in vivo and the role of endothelial LN-10 in mediating tumor cell
attachment and trans-endothelial migration. Taken together, the results obtained are strongly
supportive of our hypothesis that functional cooperation between LN-10, avp3 integrin and MMP-9
contributes to breast cancer metastasis to bone. In addition, our results suggest that LN-10 may be a
useful prognostic indicator and/or potential therapeutic target for aggressive breast tumors.

Acknowledgments:

We wish to thank the US Department of Defense Breast Cancer Research Program for their generous
financial support on this project. We are also grateful to Dr. Takako Sasaki (Max-Planck Institute,
Germany) and Jeff Miner (Washington University, MO) for providing antibodies to LN chains for use
in our IHC studies. We thank BioStratum and Prof. Edouard Nice (Ludwig Institute for Cancer
Research, Australia) for providing purified LN-10 for our functional studies. All LN peptides were
kindly provided by Dr. Hynda Kleinman, (NIH, MD). We acknowledge the significant contribution of
Brenda Aisbett (Peter MacCallum Cancer Centre, Australia) for processing of histology tissues.

21




REFERENCES

1.

wn

10.
1.

12.

13.

14.

15.

16.

17.

18.

Coleman, R. E., Smith, P., and Rubens, R. D. (1998) Br J Cancer 77, 336-340
Lelekakis, M., Moseley, J. M., Martin, T. J., Hards, D., Williams, E., Ho, P.,
Lowen, D., Javni, J., Miller, F. R., Slavin, J., and Anderson, R. L. (1999) Clin Exp
Metastasis 17, 163-170

Eckhardt, B. L., Parker, B. S., van Laar, R. K., Restall, C. M., Natoli, A. L.,
Tavaria, M. D., Stanley, K. L., Sloan, E. K., Moseley, J. M., and Anderson, R. L.
(2005) Mol Cancer Res 3, 1-13

Ross, F. P., Chappel, J., Alvarez, J. L., Sander, D., Butler, W. T., Farach-Carson,
M. C., Mintz, K. A., Robey, P. G., Teitelbaum, S. L., and Cheresh, D. A. (1993) J
Biol Chem 268, 9901-9907

Sloan, E. K., and Anderson, R. L. (2002) Cell Mol Life Sci 59, 1491-1502
Felding-Habermann, B., O'Toole, T. E., Smith, J. W., Fransvea, E., Ruggeri, Z.
M., Ginsberg, M. H., Hughes, P. E., Pampori, N., Shattil, S. J., Saven, A., and
Mueller, B. M. (2001) Proc Natl Acad Sci U S A 98, 1853-1858

Rolli, M., Fransvea, E., Pilch, J., Saven, A., and Felding-Habermann, B. (2003)
Proc Natl Acad Sci U S A 100, 9482-9487

Genersch, E., Ferletta, M., Virtanen, 1., Haller, H., and Ekblom, P. (2003) Eur J
Cell Biol 82, 105-117

Bair, E. L., Chen, M. L., McDaniel, K., Sekiguchi, K., Cress, A. E., Nagle, R. B.,
and Bowden, G. T. (2005) Neoplasia 7, 380-389

Pouliot, N., Nice, E. C., and Burgess, A. W. (2001) Exp Cell Res 266, 1-10
Hibino, S., Shibuya, M., Engbring, J. A., Mochizuki, M., Nomizu, M., and
Kleinman, H. K. (2004) Cancer Res 64, 4810-4816

Adair-Kirk, T. L., Atkinson, J. J., Broekelmann, T. J., Doi, M., Tryggvason, K.,
Miner, J. H., Mecham, R. P., and Senior, R. M. (2003) J Immunol 171, 398-406
Patarroyo, M., Tryggvason, K., and Virtanen, 1. (2002) Semin Cancer Biol 12,
197-207

Koch, M., Olson, P. F., Albus, A., Jin, W., Hunter, D. D., Brunken, W. J.,
Burgeson, R. E., and Champliaud, M. F. (1999) J Cell Biol 145, 605-618

Libby, R. T., Champliaud, M. F., Claudepierre, T., Xu, Y., Gibbons, E. P., Koch,
M., Burgeson, R. E., Hunter, D. D., and Brunken, W. J. (2000) J Neurosci 20,
6517-6528

Prince, J. M., Klinowska, T. C., Marshman, E., Lowe, E. T., Mayer, U., Miner, J.,
Aberdam, D., Vestweber, D., Gusterson, B., and Streuli, C. H. (2002) Dev Dyn
223, 497-516

Siegal, G. P., Barsky, S. H., Terranova, V. P., and Liotta, L. A. (1981) Invasion
Metastasis 1, 54-70

Maatta, M., Virtanen, I., Burgeson, R., and Autio-Harmainen, H. (2001) J
Histochem Cytochem 49, 711-726

22



19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

Henning, K., Berndt, A., Katenkamp, D., and Kosmehl, H. (1999) Histopathology
34, 305-309

Pyke, C., Salo, S., Ralfkiaer, E., Romer, J., Dano, K., and Tryggvason, K. (1995)
Cancer Res 55, 4132-4139

Hewitt, R. E., Powe, D. G., Morrell, K., Balley, E., Leach, 1. H,, Ellis, I. O., and
Turner, D. R. (1997) Br J Cancer 75, 221-229

Fujita, M., Khazenzon, N. M., Bose, S., Sekiguchi, K., Sasaki, T., Carter, W. G.,
Ljubimov, A. V., Black, K. L., and Ljubimova, J. Y. (2005) Breast Cancer Res 7,
R411-421

Coraux, C., Meneguzzi, G., Rousselle, P., Puchelle, E., and Gaillard, D. (2002)
Dev Dyn 225, 176-185

Miner, J. H., Patton, B. L., Lentz, S. 1., Gilbert, D. J., Snider, W. D., Jenkins, N.
A., Copeland, N. G., and Sanes, J. R. (1997) J Cell Biol 137, 685-701

Pouliot, N., Saunders, N. A., and Kaur, P. (2002) Exp Dermatol 11, 387-397
Kikkawa, Y., Sanzen, N., Fujiwara, H., Sonnenberg, A., and Sekiguchi, K. (2000)
J Cell Sci 113 ( Pt 5), 869-876

Doi, M., Thyboll, J., Kortesmaa, J., Jansson, K., livanainen, A., Parvardeh, M.,
Timpl, R., Hedin, U., Swedenborg, J., and Tryggvason, K. (2002) J Biol Chem
277, 12741-12748

Siler, U., Seiffert, M., Puch, S., Richards, A., Torok-Storb, B., Muller, C. A.,
Sorokin, L., and Klein, G. (2000) Blood 96, 4194-4203

Durkin, M. E., Loechel, F., Mattei, M. G., Gilpin, B. J., Albrechtsen, R., and
Wewer, U. M. (1997) FEBS Lett 411, 296-300

Morini, M., Mottolese, M., Ferrari, N., Ghiorzo, F., Buglioni, S., Mortarini, R.,
Noonan, D. M., Natali, P. G., and Albini, A. (2000) Int J Cancer 87, 336-342
Toi, M., Ishigaki, S., and Tominaga, T. (1998) Breast Cancer Res Treat 52, 113-
124

Talvensaari-Mattila, A., Paakko, P., Hoyhtya, M., Blanco-Sequeiros, G., and
Turpeenniemi-Hujanen, T. (1998) Cancer 83, 1153-1162

Rha, S. Y., Kim, J. H,, Roh, J. K., Lee, K. S., Min, J. S., Kim, B. S., and Chung,
H. C. (1997) Breast Cancer Res Treat 43, 175-181

Nakopoulou, L., Tsirmpa, 1., Alexandrou, P., Louvrou, A., Ampela, C., Markaki,
S., and Davaris, P. S. (2003) Breast Cancer Res Treat 77, 145-155

Jones, J. L., Glynn, P., and Walker, R. A. (1999) J Pathol 189, 161-168

Vacca, A., Ria, R., Presta, M., Ribatti, D., Iurlaro, M., Merchionne, F., Tanghetti,
E., and Dammacco, F. (2001) Exp Hematol 29, 993-1003

Pecheur, 1., Peyruchaud, O., Serre, C. M., Guglielmi, J., Voland, C., Bourre, F.,
Margue, C., Cohen-Solal, M., Buffet, A., Kieffer, N., and Clezardin, P. (2002)
Faseb J16, 1266-1268

Gu, J., Nishiuchi, R., and Sekiguchi, K. (2002) Biochem Biophys Res Commun
296, 73-77

23




39.
40.
41,
42,
43,
44,
45,
46.
47.
48,

49.

50.
51.
52.

53.
54.

Adair-Kirk, T. L., Atkinson, J. J., Kelley, D. G., Arch, R. H., Miner, J. H., and
Senior, R. M. (2005) J Immunol 174, 1621-1629

Tester, A. M., Ruangpanit, N., Anderson, R. L., and Thompson, E. W. (2000) Clin
Exp Metastasis 18, 553-560

Bliss, R. D., Kirby, J. A., Browell, D. A., and Lennard, T. W. (1995) Clin Exp
Metastasis 13, 173-183

Yoshino, K., Tanabe, M., Ohnuma, N., and Takahashi, H. (1996) Clin Exp
Metastasis 14, 459-465

Ghosh, S., and Stack, M. S. (2000) Microsc Res Tech 51, 238-246

Engbring, J. A., and Kleinman, H. K. (2003) J Pathol 200, 465-470

Kleinman, H. K., Weeks, B. S., Schnaper, H. W., Kibbey, M. C., Yamamura, K.,
and Grant, D. S. (1993) Vitam Horm 47, 161-186

Nakai, M., Mundy, G. R., Williams, P. J., Boyce, B., and Yoneda, T. (1992)
Cancer Res 52, 5395-5399

Kuratomi, Y., Nomizu, M., Tanaka, K., Ponce, M. L., Komiyama, S., Kleinman,
H. K., and Yamada, Y. (2002) Br J Cancer 86, 1169-1173

Ponce, M. L., Hibino, S., Lebioda, A. M., Mochizuki, M., Nomizu, M., and
Kleinman, H. K. (2003) Cancer Res 63, 5060-5064

Nomizu, M., Yokoyama, F., Suzuki, N., Okazaki, I., Nishi, N., Ponce, M. L.,
Kleinman, H. K., Yamamoto, Y., Nakagawa, S., and Mayumi, T. (2001)
Biochemistry 40, 15310-15317

Kadoya, Y., Mochizuki, M., Nomizu, M., Sorokin, L., and Yamashina, S. (2003)
Dev Biol 263, 153-164

Ponce, M. L., Nomizu, M., and Kleinman, H. K. (2001) Faseb J 15, 1389-1397
Nomizu, M., Kuratomi, Y., Malinda, K. M., Song, S. Y., Miyoshi, K., Otaka, A.,
Powell, S. K., Hoffman, M. P., Kleinman, H. K., and Yamada, Y. (1998) J Biol
Chem 273, 32491-32499

Bourguignon, L. Y. (2001) J Mammary Gland Biol Neoplasia 6, 287-297

Mine, S., Fujisaki, T., Kawahara, C., Tabata, T., lida, T., Yasuda, M., Yoneda, T.,
and Tanaka, Y. (2003) Exp Cell Res 288, 189-197

24



August 2005

CURRICULUM VITAE

Personal Details:

Name: NORMAND POULIOT

Date of Birth: 27 April 1964

Marital Status:Married

Address: 296 Bluff Rd,
Sandringham, Victoria
Australia 3191

Contact: Ph:  (h) 03 9521-8770 (w) 03 9656-1306
Fax: (h) 03 9521-8770 (w) 03 9656-1411
Email: n.pouliot@petermac.org

Nationality: Canadian/Australian

Languages:  English and French (spoken and written)

Education:

August 1992 — June 1998 Doctor of Philosophy (Cancer Research)
Ludwig Institute for Cancer Research
University of Melbourne,
Victoria, Australia

September 1995 — October 1995 Leadership and Professional Development Program
University of Melbourne

School of Graduate Studies/Melbourne Business School

Victoria, Australia

September 1989 - July 1991 Master of Science (Immunology)
University of Sherbrooke
Québec, Canada

January 1986 - April 1989 Bachelor of Science (Biotechnology)
University of Québec in Montreal
Québec, Canada

September 1984 - December 1985 College Diploma in Science
Collége de Montmorency
Québec, Canada

Present Appointment:

June2000 — Current Research Fellow
Peter MacCallum Cancer Centre
St-Andrews Place, East Melbourne
Victoria, Australia 3002



August 2005
Post-Doctoral Fellowships:
July 2004 — June 2005 Concept Award U.S.Army Medical Research
& Materiel Command
April 2003 — June 2004 Post-Doctoral Fellowship ~ U.S.Army Medical Research

& Materiel Command
January 2003 — December 2005  Post-Doctoral Fellowship  NH&MRC Project Grant

(Declined)

January 1999 — December 1999  Post-Doctoral Fellowship ~ Anti-Cancer Council of
Victoria (ACCV)

Post-Graduate Scholarships and Awards:

September 1992 - March 1996 Ph.D. Scholarship: Commonwealth Scholarship
and Fellowship Plan (CSFP)

September 1990 - September 1991 M.Sc. Scholarship: Fonds Canadiens d'Aide a la
Recherche (FCAR)

September 1989 - September 1990 M.Sc. Scholarship Fonds Canadiens d'Aide 4 la
Recherche (FCAR)

June 1989 - August 1989M.Sc. Excellence Award Fonds de Recherche en Santé
du Québec (FRSQ)

May 1989 - September 1989 B.Sc. Scholarship Fonds de Recherche en Santé
du Québec (FRSQ)

May 1988 - September 1988 B.Sc. Scholarship Conseil de Recherche en
Science Naturelles et en
Génie (CRSNG)

Research Experience:

Current Research Project (April 2003 — Current):

“Breast Tumour/Stromal Cell Interactions in Bone”
Peter MacCallum Cancer Centre

The aim of my current research is to investigate factors that regulate the establishment of
breast cancer metastases in bone. Specifically, I am using an orthotopic mouse model of
breast cancer metastasis to bone established in Dr. Robin Anderson’s lab at Peter MacCallum
Cancer Centre which employs a variety of breast cancer cell line that differ in their metastatic
potential. Tumor burden in bone and other tissues following injection of tumor lines into the
mammary gland is measured using a real time quantitative PCR (RTQ-PCR) method
developed in our laboratory. Other approaches to investigate factors involved in bone
metastasis include the use of K/O animals (B3 integrin, MMP-9, MMP-12 and M-CSF),
specific inhibitors or overexpression construct for selected candidate genes and RNA
interference technology both in our in vivo model and in in vitro co-culture assays.
Expression of several factors in the tumour/stroma microenvironment is also being
investigated by immunohistochemistry and immunofluorescence microscopy with particular
emphasis on RANKL, OPG MMPs, integrins and extracellular matrix proteins.



August 2005

Post-Doctoral Research July 2000 — March 2003):

“Microenvironmental regulation of the tissue regenerative
capacity of keratinocyte stem cells and their progeny”
Peter MacCallum Cancer Centre

Project: The general objective of this research project was to explore the functional role of
the mesenchymal microenvironment (with particular emphasis on laminin-10/11, LN-10/11)
in regulating the tissue regenerative capacity of keratinocyte stem cells. I have demonstrated
the presence of LN-10/11 in the cutaneous basement membrane and identified 2 receptors in
keratinocytes. Further I have demonstrated that LN-10/11 has a functional role in promoting
adhesion, proliferation and migration of normal and tumourigenic keratinocytes in vitro. This
work has been published in Exp. Dermatol. and was later extended to an in vitro organotypic
skin regeneration model. In this system, I have provided strong evidence that LN-10/11 is an
important regulatory molecule promoting skin regeneration in part by delaying the onset of
keratinocyte terminal differentiation and recruiting early differentiating keratinocytes into
proliferation. This work was recently published in J. Clin. Invest.. The role of soluble dermal
factors including FGF-7 and FGF-10 and signaling pathways regulating the expression of LN-
10/11 chains in keratinocytes was investigated. I have developed an in vivo model of skin
regeneration amenable to testing the long-term tissue regenerative potential and plasticity of
rare keratinocyte populations (e.g. stem cells) while allowing to investigate the role of
microenvironmental factors in this process. The model can easily be adapted to other
epithelial tissues or used to investigate the process of tumour progression. This work was
published recently in Exp. Dermatol.. Together, the results generated through my research
have important implications for the treatment of various cutaneous pathologies including skin
cancer, blistering disorders, severe burns and other chronic skin wounds.

Technical skills acquired:  >°S-Met/Cys-metabolic labelling, FACS analysis,
immunohistochemistry, in vitro and in vivo skin regeneration
assays.

Post-Doctoral Research (July 1998 — June 2000):

“Purification and characterisation of a colonic autocrine
spreading factor”
Ludwig Institute for Cancer Research, Melbourne Branch

Project: This research project followed from my Ph.D. project. The aim was to purify a
sufficient amount of an Autocrine Spreading Factor (ASF) from the conditioned medium of a
human colon carcinoma cell line (LIM1215) to enable its identification by amino acid
sequence analysis and biological/biochemical characterisation. I was able to optimise the
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that LN-10 is a potent adhesion and motility factor for colon cancer cells and that intergrin
02p1, a3B1 and a6PB4 act as receptors for this laminin isoform. Taken together, the results
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